Introduction {#S1}
============

Multiply injured patients are at particular risk for hemorrhagic shock. Shock, in turn, is a major cause of death in trauma patients \[[@R1]\]. Therefore, early detection of shock in multiply injured patients is of particular importance. In a recent study, Mutschler et al. demonstrated the adequacy of the shock index, a quotient of heart frequency and systolic blood pressure, in predicting shock in multiply injured patients \[[@R2]\]. The calculation is easy and the measures have to be collected anyway. However, there are some shortcomings in practice, especially in prehospital care. Blood pressure measurement exceedingly depends on examiners \[[@R3], [@R4]\]. External circumstances at the accident scene can additionally hamper a reliable measurement especially in multiply injured patients. Thus, assessment of hypovolemic shock at scene is unreliable \[[@R5]\]. A simple point-of-care testing, however, could play its strengths in prehospital and emergency care, whenever standard circulatory monitoring is problematic or unreliable. Blood glucose measurement is a well-established practice. Its wide availability and ease of use are substantial advantages. Blood sugar imbalances are common in critically ill patients and hyperglycemia could be demonstrated as an indicator of poor outcome and mortality in trauma patients \[[@R6], [@R7]\]. In two recent studies Kreutziger et al. reported blood glucose to be a predictor of hemorrhagic shock in trauma patients \[[@R8], [@R9]\]. However, definitions of shock and injury severity are inconsistent which in turn limits generalizability.

Therefore, this study aimed to analyze the impact of admission blood glucose on predicting shock in a precisely defined cohort of multiply injured patients.

Materials and methods {#S2}
=====================

Study design {#S3}
------------

Following institutional review board approval (No. 3392-2016), a retrospective cohort analysis was performed.

Study setting and population {#S4}
----------------------------

Multiply injured patients \[injury severity score (ISS) ≥ 16\] primarily admitted to our level I trauma center between January 2005 and December 2014 were included. Patients had to have a minimum age of 15 years to include the majority of adolescent patients. All patients underwent precisely defined trauma management at the emergency department in line with the ATLS principles, the S3 guideline "Polytrauma" and the 2nd revised and updated edition of the "Whitebook Medical Care of the Severely Injured" \[[@R10], [@R11]\].

Measurements {#S5}
------------

Heart frequency was determined by means of electrocardiogram. Systolic blood pressure was measured by either oscillometric method or, if applicable, invasive arterial measurement. Systolic blood pressure (SBP; in mmHg) and heart rate (HR; in min^−1^) were used to calculate the shock index (SI = HR/SBP). A shock index between 0.5 and 0.7 is deemed to be physiologic \[[@R2]\]. Laboratory shock parameters including pH value, base excess (BE; in mmol/L), lactate (in mmol/L), bicarbonate (HCO~3~; mmol/L), glucose (in mmol/L), and hemoglobin (Hb; in g/dL) were determined by means of blood gas analysis (ABL800 FLEX blood gas analyzer, Radiometer GmbH, Krefeld, Germany). Coagulation parameters including international normalized ratio (INR), prothrombin time (PTT; in s), and thrombocytes (in ×10^9^/L) were measured with standard laboratory tests. Coagulopathy was diagnosed if at least one of the following conditions was met: INR \> 1.4 or PTT \> 37 s. Demographic and baseline data including age, sex, mortality, duration of mechanical ventilation, duration of intensive care as well as overall in-patient care, and transfusion requirements \[packed red blood cells (PRBC), fresh frozen plasma (FFP) and platelet concentrate (PC)\] were collected from the electronic patient records. Injury pattern and organ related severity were classified by a single consultant specially trained in trauma surgery using the 2008 update of the abbreviated injury scale (AIS) \[[@R12]\]. Overall injury severity was calculated using the injury severity score (ISS) \[[@R13]\]. Shock was defined by at least one of the following parameters: systolic blood pressure ≤ 90 mmHg or shock index ≥ 0.9.

Data analysis {#S6}
-------------

Statistical analyses were performed with IBM SPSS (Version 24, IBM, Armonk, NY, USA) \[[@R14]\]. For the comparison of plasma concentrations and other continuous variables (duration of intensive care unit stay, etc.) an analysis of variance (ANOVA) was performed. Variables with a Gaussian distribution were analyzed using parametric tests (Student's *t*-test) and other variables were analyzed using non-parametric tests (Mann--Whitney test for independent data). Fisher's exact test (exact *χ* ^2^ test) was used in the analysis of contingency tables. Diagnostic values of shock indicators were estimated by means of receiver-operating-characteristic (ROC) analysis and the area under the curve (AUC). Cut-off points were defined on the basis of the Youden index (*J*) and the optimal cut-off point (c\*) that optimized the differentiation ability when equal weight is given to sensitivity and specificity \[[@R15]\]. Validity of glucose as shock indicator was additionally analyzed with threshold values according to Kreutziger et al. (≤9.4 to \>9.4 mmol/L) as well as two-hour oral glucose tolerance standard value in compliance with the latest diabetes guideline (\<7.8 to ≥7.8 mmol/L) \[[@R8], [@R16]\]. Multivariate logistic regression analysis on predicting shock with optimal cut off values on the basis of the Youden index (*J*) of glucose, base excess, pH, hemoglobin, HCO~3~, and lactate as well as age (per year), sex (male/female), and ISS (per point) was performed and odds ratios (OR) and 95-percent confidence intervals (95% CI) were calculated. The significance level was set at *p* \< 0.05.

Results {#S7}
=======

After checking for eligibility criteria as well as missing data 772 patients remained for further analyses (see also [Figure 1](#F1){ref-type="fig"}). Patients had a mean age of 44.2 ± 19.4 years and a mean ISS of 29.4 ± 10.2. Five hundred and fifty-four patients (71.8%) were male. Mean time from accident to arrival was 86 ± 83 min. Ninety-three patients (12.0%) died within course of in-hospital treatment. Eight patients died due to hemorrhagic shock alone. Thirty-eight patients died because of traumatic brain injury alone. Eleven patients died due to a combination of hemorrhagic shock and traumatic brain injury. Thirty-one patients died in the course of a multiple organ dysfunction syndrome. Five patients died on any other grounds. Death due to hemorrhagic shock -- also in combination with traumatic brain injury -- predominantly occurred within the first 48 h (18/19 patients). Two hundred and fifty-nine patients (33.5%) were in shock at admission. There were no differences regarding age (42.4 ± 18.6 vs. 45.1 ± 19.7 years, *p* = 0.08) and sex \[male sex 180 (69.5%) vs. 374 (72.9%), *p* = 0.4\]. Patients with shock were injured more severely (ISS 32.3 ± 11.6 vs. 27.9 ± 9.2, *p* \< 0.001). Two hundred and six patients (26.7%) presented with coagulopathy at admission. Coagulopathy was more present in patients with shock \[104 (40.2%) vs. 102 (19.9%), *p* \< 0.001\]. Hence, early and total transfusion requirement was increased (*p* \< 0.001). Patients with shock had to be ventilated longer (342 ± 340 vs. 221 ± 300 h, *p* \< 0.001). Thus, intensive care (17.8 ± 15.0 vs. 12.9 ± 13.7 days, *p* \< 0.001) as well as in-patient care stay (28.0 ± 23.9 vs. 22.3 ± 17.6, *p* = 0.005) was prolonged. Forty-seven patients (18.1%) with shock at admission died during in-patient care compared to 46 patients (9.0%, *p* \< 0.001) without shock. [Table 1](#T1){ref-type="table"} gives an overview of demographic and baseline data.

Figure 1Flow diagram of excluded patients.

Table 1Demographic, baseline and outcome data of multiply injured patients with and without shock at admission.Total \[*n* = 772\]Shock+ \[*n* = 259\]Shock− \[*n* = 513\]*p*Age \[years\], mean ± *SD*44.2 ± 19.442.4 ± 18.645.1 ± 19.70.08[a](#TFN1){ref-type="table-fn"}Male sex, *n* (%)554(71.8)180(69.5)374(72.9)0.4[b](#TFN2){ref-type="table-fn"}Injure Severity Score (ISS) Median(IQR)27(14)29(19)27(13)\<0.001[a](#TFN1){ref-type="table-fn"} Mean ± *SD*29.4 ± 10.232.3 ± 11.627.9 ± 9.2Abbreviated Injury Scale (AIS) AIS~Head~, mean ± *SD*2.2 ± 1.72.2 ± 1.72.2 ± 1.70.6[a](#TFN1){ref-type="table-fn"} AIS~Face~, mean ± *SD*1.0 ± 1.20.9 ± 1.21.0 ± 1.20.2[a](#TFN1){ref-type="table-fn"} AIS~Thorax~, mean ± *SD*2.8 ± 1.53.1 ± 1.42.7 ± 1.50.002[a](#TFN1){ref-type="table-fn"} AIS~Abdomen~, mean ± *SD*1.2 ± 1.51.4 ± 1.51.1 ± 1.40.01[a](#TFN1){ref-type="table-fn"} AIS~Extremities~, mean ± *SD*2.2 ± 1.32.5 ± 1.42.0 ± 1.3\<0.001[a](#TFN1){ref-type="table-fn"} AIS~External~, mean ± *SD*0.9 ± 1.01.0 ± 1.10.8 ± 0.90.003[a](#TFN1){ref-type="table-fn"}Duration of intensive care \[days\], mean ± *SD*14.5 ± 14.317.8 ± 15.012.9 ± 13.7\<0.001[a](#TFN1){ref-type="table-fn"}Duration of in-patient care \[days\], mean ± *SD*24.2 ± 20.128.0 ± 23.922.3 ± 17.60.005[a](#TFN1){ref-type="table-fn"}Duration of mechanical ventilation \[hours\], mean ± *SD*261 ± 319342 ± 340221 ± 300\<0.001[a](#TFN1){ref-type="table-fn"}Transfusion requirement PRBC 48 h \[units\], mean ± *SD*6.9 ± 10.811.2 ± 13.84.8 ± 8.1\<0.001[a](#TFN1){ref-type="table-fn"} FFP 48 h \[units\], mean ± *SD*5.4 ± 8.68.7 ± 10.53.7 ± 6.9\<0.001[a](#TFN1){ref-type="table-fn"} PC 48 h \[units\], mean ± *SD*0.9 ± 1.91.4 ± 2.40.6 ± 1.6\<0.001[a](#TFN1){ref-type="table-fn"} PRBC total \[units\], mean ± *SD*12.2 ± 16.818.3 ± 19.59.2 ± 14.4\<0.001[a](#TFN1){ref-type="table-fn"} FFP total \[units\], mean ± *SD*7.7 ± 12.711.9 ± 15.55.7 ± 10.5\<0.001[a](#TFN1){ref-type="table-fn"} PC total \[units\], mean ± *SD*1.2 ± 3.31.8 ± 4.20.8 ± 2.6\<0.001[a](#TFN1){ref-type="table-fn"}Mortality, *n* (%)93(12.0)47(18.1)46(9.0)\<0.001[b](#TFN2){ref-type="table-fn"}Glucose \[mmol/L\], mean ± *SD*8.7 ± 3.59.6 ± 4.08.0 ± 3.0\<0.001[a](#TFN1){ref-type="table-fn"}Base excess \[mmol/L\], mean ± *SD*−2.5 ± 5.0−3.8 ± 6.3−1.8 ± 4.0\<0.001[a](#TFN1){ref-type="table-fn"}pH, mean ± *SD*7.32 ± 0.127.29 ± 0.157.34 ± 0.09\<0.001[a](#TFN1){ref-type="table-fn"}Hemoglobin \[g/dL\], mean ± *SD*11.6 ± 2.510.8 ± 2.612.1 ± 2.3\<0.001[a](#TFN1){ref-type="table-fn"}Lactate \[mmol/L\], mean ± *SD*3.0 ± 2.43.7 ± 2.82.7 ± 2.1\<0.001[a](#TFN1){ref-type="table-fn"}HCO~3~ \[mmol/L\], mean ± *SD*22.7 ± 4.021.5 ± 4.523.3 ± 3.6\<0.001[a](#TFN1){ref-type="table-fn"}Systolic blood pressure \[mmHg\], mean ± *SD*119 ± 3092 ± 20133 ± 25\<0.001[a](#TFN1){ref-type="table-fn"}Heart frequency \[min^−1^\], mean ± *SD*92 ± 21105 ± 2385 ± 16\<0.001[a](#TFN1){ref-type="table-fn"}Shock index, mean ± *SD*0.84 ± 0.411.20 ± 0.520.66 ± 0.14\<0.001[a](#TFN1){ref-type="table-fn"}Thrombocytes \[×10^9^/L\], mean ± *SD*196 ± 72196 ± 77196 ± 690.6[a](#TFN1){ref-type="table-fn"}INR, mean ± *SD*1.3 ± 0.71.5 ± 0.91.3 ± 0.5\<0.001[a](#TFN1){ref-type="table-fn"}PTT \[s\], mean ± *SD*35.3 ± 23.140.6 ± 28.432.6 ± 19.4\<0.001[a](#TFN1){ref-type="table-fn"}Coagulopathy, *n* (%)206(26.7)104(40.2)102(19.9)\<0.001[b](#TFN2){ref-type="table-fn"}[^1][^2][^3]

Patients with shock at admission showed increased values of all laboratory shock parameters (*p* \< 0.001) (see also [Table 1](#T1){ref-type="table"}). Mean glucose was 9.6 ± 4.0 mmol/L if shock was present compared to 8.0 ± 3.0 mmol/L (*p* \< 0.001). Admission glucose positively correlated with shock (Spearman rho = 0.2, *p* \< 0.001). In the ROC curve analysis glucose showed an AUC of 0.62 (95% CI \[0.58--0.66\], *p* \< 0.001). The calculated optimal cut off value was 11.5 mmol/L with a Youden *J* of 0.21. Prediction of shock was possible with a sensitivity of 30.5% and a specificity of 90.3%. The positive predictive value was 61.0% and the negative predictive value was 72.0%. Thus, glucose had the lowest sensitivity but highest specificity of all laboratory shock parameters. For further details on ROC curve and cross tab analyses of laboratory shock parameters, please refer to [Figure 2](#F2){ref-type="fig"}. A multivariate regression analysis on predicting shock was performed. Patients with admission glucose of more than 11.5 mmol/L had a 2.2-fold risk of shock (95% CI \[1.4--3.4\], *p* = 0.001). Apart from glucose, hemoglobin (OR = 2.0, 95% CI \[1.4--2.8\], *p* \< 0.001), pH (OR = 1.7, 95% CI \[1.1--2.7\], *p* = 0.02), age (per year: OR = 0.99, 95% CI \[0.98--1.0\], *p* = 0.046), and ISS (per point: OR = 1.02, 95% CI \[1.0--1.04\], *p* = 0.02) could be identified as indicators of shock at admission (see also [Table 2](#T2){ref-type="table"}). When using 9.4 mmol/L as the threshold value of admission glucose according to Kreutziger et al. sensitivity was 40.2% and specificity was 78.6%. In a multivariate regression analysis we obtained an odds ratio of 1.6 (95% CI \[1.1--2.3\], *p* = 0.02). When using 7.8 mmol/L as the threshold value sensitivity increased to 61.8% while specificity decreased to 56.9%. Odds ratio was 1.5 (95% CI \[1.0--2.1\], *p* = 0.03). For a better overview, please refer to [Table 3](#T3){ref-type="table"}.

Figure 2Receiver operating characteristic (ROC) curve and area under the curve (AUC) with 95% confidence interval (95% CI) of clinical and laboratory indicators of shock at admission in multiply injured patients; cut off value by means of Youden index (*J*) with sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV); SBP = systolic blood pressure.

Table 2Multivariate regression analysis with odds ratio (OR) and 95% confidence interval (95% CI) of clinical and laboratory indicators of shock at admission in multiply injured patients.OR (95% CI)*p*Age \[per year\]0.99 (0.98--1.0)0.046Sex \[male/female\]1.06 (0.7--1.5)0.8ISS \[per point\]1.02 (1.0--1.04)0.02Glucose \[≤11.5 to \>11.5 mmol/L\]2.2 (1.4--3.4)0.001Base excess \[≥2.5 to ≤2.5 mmol/L\]1.3 (0.8--2.0)0.4pH \[\>7.27 to ≤7.27\]1.7 (1.1--2.7)0.02Hemoglobin \[\>11.4 to ≤11.4 g/dL\]2.0 (1.4--2.8)\<0.001HCO~3~ \[\>21.4 to ≤21.4 mmol/L\]1.2 (0.7--1.9)0.5Lactate \[≤2.5 to \>2.5 mmol/L\]1.4 (1.0--2.0)0.06

Table 3Different cut off values of admission blood glucose with corresponding odds ratio (OR) and 95% confidence interval (95% CI) for predicting shock at admission in multiply injured patients with sensitivity and specificity.Shock+Shock−SensitivitySpecificityOR (95% CI)*p*Glucose ≤ 9.4 mmol/L \[*n* = 630\]15540340.278.61.6 (1.1--2.3)0.02Glucose \> 9.4 mmol/L \[*n* = 226\]104110Glucose ≤ 11.5 mmol/L \[*n* = 722\]18046330.590.32.2 (1.4--3.4)0.001Glucose \> 11.5 mmol/L \[*n* = 134\]7950Glucose \< 7.8 mmol/L \[*n* = 453\]9929261.856.91.5 (1.0--2.1)0.03Glucose ≥ 7.8 mmol/L \[*n* = 403\]160221

Admission blood glucose of \> 11.5 mmol/L positively correlated with mortality (Spearman rho = 0.65, *p* \< 0.001). Patients with that elevated glucose level at admission had a 2.5-fold risk of dying (95% CI \[1.3--4.8\], *p* = 0.004) with a sensitivity of 45.2% and specificity of 87.2%. Apart from glucose age (per year: OR = 1.05, 95% CI \[1.03--1.06\], *p* \< 0.001), ISS (per point: OR = 1.11, 95% CI \[1.08--1.15\], *p* \< 0.001), and coagulopathy (OR = 3.6, 95% CI \[1.9--6.7\], *p* \< 0.001) independently predicted mortality in a multivariate regression analysis. None of the additional laboratory shock parameters reached significance.

Discussion {#S8}
==========

This study aimed to analyze the impact of admission blood glucose on predicting shock in multiply injured patients. In conclusion we could demonstrate admission glucose (cut off value = 11.5 mmol/L) to be an independent indicator of shock (OR = 2.2) and mortality (OR = 2.5). Sensitivity was 30.5% and specificity was 90.3%, respectively.

This study's patient population is similar to that of other hospitals with the same level of care, since level I trauma centers usually provide the necessary medical care of most severely injured patients in a particular region. Following this, mortality is comparable when all multiply injured patients independently from specific injury patterns are factored into evaluation. Causes of death are predominantly traumatic brain injury, multiple organ dysfunction syndrome and hemorrhagic shock. This is in accordance with the current literature \[[@R8], [@R17]\]. In accordance with Kreutziger et al. admission blood glucose proved to be an independent indicator of mortality in multiply injured patients. Odds ratio was lower compared to the data reported by Kreutziger et al. (admission blood glucose 10--15 mmol/L: OR = 9.7, 95% CI \[2.2--42.4\], *p* \< 0.001). This might be in part due to a higher mortality (19.5%), which in turn is only partially reflected by a mean ISS of 30.1 ± 11.1 \[[@R18]\]. In comparison, mean ISS of the presented patient population was 29.4 ± 10.2 and mortality totaled 12.0%.

Just like Kreutziger et al. in their 2015 analysis we could verify admission blood glucose as an independent indicator of shock \[[@R8]\]. However, correlation of elevated blood glucose and shock was only weak and there are significant differences in threshold value of glucose, odds ratios as well as sensitivity and specificity. The weak correlation implies a multifactorial genesis of shock. Blood glucose is only partially capable of indicating shock. Causality is possible; however, impact is limited. This reduces the clinical usefulness of the test. Additionally, we have no reliable information about the potential change of blood glucose levels during preclinical care and depending on preclinical procedures and resuscitation. The influence of the specific point in time of the blood glucose measurement on the ability of blood glucose in predicting shock is as yet unknown. Thus, we were not able validate the diagnostic performance of Kreutziger et al. in our study population, who reported an odds ratio of 10.2 (95% CI \[5.4--19.2\]) and a sensitivity of 66.1% and specificity of 83.9% with a cut off value of ≥ 9.4 mmol/L. Using the same cut off value we calculated an odds ratio of 1.6 (95% CI \[1.1--2.3\]). Sensitivity (40.2%) and specificity (78.6%) were also lower (see also [Table 3](#T3){ref-type="table"}). In contrast, our threshold or cut-off value according to the Youden index was even higher (\>11.5 mmol/L). Nevertheless, neither odds ratio (2.2, 95% CI \[1.4--3.4\]) nor sensitivity (30.5%) reached that level reported by Kreutziger et al. \[[@R8]\]. Only specificity (90.3%) was higher. The positive (61.0%) as well as negative predictive values (72.0%) were only moderate. The test was neither able to identify nor to rule out patients with shock at admission with sufficiently high assurance. Although comparable basic statement regarding the predictive value of admission blood glucose on shock there are substantial differences in capability compared to Kreutziger's results. There are several influencing factors that might explain these differences. While Kreutziger et al. excluded patients with known pre-injury diagnosis of diabetes mellitus or immunologically compromising diseases or therapies, we made a conscious decision to include these patients. There are two main reasons for this. First, we are convinced that a simple point-of-care test should be applicable for all multiply injured patients. The exclusion of a relevant proportion of trauma patients would impair the practical benefit of such a test. Second of all, usually there is only little information about pre-existing conditions and medication of trauma patients during pre-hospital and emergency care. Thus, the influence of diabetes is simply incalculable. Even, Kreutziger et al. did not report how many patients had to be excluded due to diabetes or immunologically compromising diseases and therapies. Another reason for the differences in capability might be heterogeneous definitions of shock. This can lead to varying numbers of patients in shock and certainly influences the prognostic value of shock parameters. The assessment of hypovolemic shock at scene by means of PHTLS classification could be demonstrated unreliable \[[@R5]\]. In contrast, shock index seems to reflect hypovolemic shock more closely \[[@R2]\]. Therefore, we decided to use a simple definition of shock (systolic blood pressure ≤ 90 mmHg or shock index ≥ 0.9) that allows a simultaneous measurement and a better attribution. Kreutziger et al., in contrast, defined shock by at least two of the following criteria within the first 12 h following admission: systolic blood pressure \< 90 mmHg, use of catecholamines to increase perfusion pressure, blood loss \> 20% of estimated body blood volume, requirement of a mass transfusion (substitution of at least the amount of the patient's estimated blood volume with blood products), or lactate acidosis (≥2 mmol/L) \[[@R8]\]. In our opinion, there are substantial confounders. Catecholamine use is not clearly defined. Thus, vasoactive drug use is mainly due to an individual decision of the attending physician. The potentially highest impact, however, can be attributed to the long period of time (12 h) in which mass transfusion as well as catecholamine use can occur. The necessity of mass transfusion as well as vasoactive drug use can be due to iatrogenic blood loss during surgery either. Usually a lot of therapeutic decisions will be made within 12 h following admission of a multiply injured patient. Each decision has the potential to influence the patient's hemodynamic situation. Therefore, it seems questionable to associate a fluctuating laboratory parameter measured at admission with a hemodynamic impairment that occurred several hours later. In order to rule out this risk, we decided to measure outcome parameter and potential indicators of outcome at one time. Nevertheless, hemodynamics is developing dynamically. Analyzing shock at admission is therefore a necessary simplification and a specific definition of shock will always influence the prognostic value of a single shock parameter. As long as there is no standardized and broadly accepted definition of shock, validity of shock parameters will vary.

Additional to the above-mentioned problems, there are some more limitations that should be considered. The presented study is a retrospective analysis with its inherent limitations. Moreover, 71 of 843 patients (8.4%) had to be excluded due to missing data, which is in line with comparable studies \[[@R8], [@R18]\]. However, missing data can be misleading and might influence risk prediction \[[@R19]\].

All patients in this analysis were treated in a level I trauma center in a high-income country with a sophisticated trauma system. Since outcome parameters were precisely defined and all analyses were based on validated methods, our results may be generalized to countries with comparable medical standards.

Conclusion {#S9}
----------

In conclusion, admission blood glucose is an easy to use point-of-care test that when combined with other parameters might help to identify multiply injured patients at particular risk of shock and mortality.
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[^1]: Mann--Whitney *U*-test.

[^2]: Fisher's exact test.

[^3]: SD = standard deviation, PRBC = packed red blood cells, FFP = fresh frozen plasma, PC = platelet concentrate, 48 h = within 48 h following admission, INR = international normalized ratio, PTT = partial thromboplastin time.
